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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an excellent 
antireflection characteristic of a wide frequency width in 
a wavelength range of UV light, to enhance 
environmental resistance and to lessen the deterioration 
over aging by forming an Si02 film of multilayered films 
as a final layer furthest from a substrate side and 
specifying an optical film thickness. 
SOLUTION: This antireflection film has a substrate 1 
made of synthetic quartz, fluorite or the like and 
multilayered films 10 of five-layered constitution 
laminated thereon. The multilayered films 10 consists of 
a first layer 1 1 which is an AI203 film having an optical 
film thickness d1, a second 12 which is an AIF3 film 
(fluoride film) having an optical film thickness d2, a third 
layer 13 which is an AI203 film having an optical film 
thickness d3, a fourth layer 14 which is an AIF3 film 
having an optical film thickness d4 and a fifth layer 15 
which is an Si02 film having an optical film thickness d5. 
The final layer of the antireflection film is thus thinly 
overcoated with the Si02 film as a layer to prevent moisture. The optical film thickness of the 
Si02 film is adequately about 1/10 of a design central wavelength A 0. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A substrate design central wavelength lambda Q is an a nti reflection film of 300 nm or 

less, and made from quartz or a fluorite, An antireflection film which it has a multilayer film which 
consists of an aluminum 2 0 3 film and a fluoride film which were laminated by this board, and a 

Si0 2 film, and said Si0 2 film of this multilayer film constitutes the furthest final stratum from 

said substrate side, and is characterized by the optical thickness being about 1/10 of said design 
central wavelength lambda Q . 

[Claim 2]Are an antireflection film of 5 lamination laminated by substrate, count from said 
substrate side, and the 1st layer and the 3rd layer An aluminum 2 0 3 film, The antireflection film 

according to claim 1 characterized by said 1st [ the ] thru/or optical thickness [ of said 5th 
layer ] d lt d 2 , d 3 , d 4 , and d 5 being the following ranges by an AIF 3 film and the 5th layer 

consisting of a Si0 2 film in the 2nd layer and the 4th layer. 

0.40lambda 0 <=d 1 <=0.45lambda 0 0.36lambda 0 <=d 2 <=0.42lambda 0 0.19lambda 0 <=d 3 <=0.^ 

[Claim 3]Are an antireflection film of 6 lamination laminated by substrate, count from said 
substrate side, and the 1st layer, the 3rd layer, and the 5th layer An AIF 3 film, The antireflection 

film according to claim 1 characterized by said 1st [ the ] thru/or optical thickness [ of said 6th 
layer ] d^ d 2 , d 3 , d 4 , d 5 , and d g being the following ranges by an aluminum 2 0 3 film and the 6th 

layer consisting of a Si0 2 film in the 2nd layer and the 4th layer. 

0.36lambda Q <=d 1 <=0.41 lambda 0 0.37lambda 0 <=d 2 <=0.42lambda 0 0.32lambda 0 <=d 3 <=0.37lambda 0 0.1 8 

0.1 1 lambda 0 [Claim 4]Are an antireflection film of 7 lamination laminated by substrate, count from 

said substrate side, and the 1st layer, the 3rd layer, and the 5th layer An aluminum 2 0 3 film, The 

antireflection film according to claim 1 characterized by said 1st [ the ] thru/or optical thickness 
[ of said 7th layer ] d t , d 2 , d 3 , d 4 , d 5 , d g , and d 7 being the following ranges by an AIF 3 film and the 

7th layer consisting of a Si0 2 film in the 2nd layer, the 4th layer, and the 6th layer. 

0.41 lambda 0 <=d 1 <=0.46lambda 0 0.31 lambda 0 <=d 2 <=0.39lambda 0 0.44lambda 0 <=d 3 <=0.50lambda 0 0.09 

0.15lambda 0 0.09lambda 0 <=d 7 <=0.1 1lambda 0 [Claim 5]A manufacturing method of an antireflection 

film having the stage film formation which manufactures an antireflection film of claim 1 thru/or 
4 given in any 1 paragraph, and forming each class of said antireflection film with a vacuum 
deposition method. 

[Claim 6]It has the stage film formation which manufactures an antireflection film of claim 1 
thru/or 4 given in any 1 paragraph, An aluminum 2 0 3 film and a fluoride film of said antireflection 

film are formed by sputtering process which changes oxygen gas and fluorine gas for a type of 
gas by turns using aluminum target, A manufacturing method of an antireflection film forming a 
Si0 2 film of said antireflection film by sputtering process using a Si0 2 target or a Si target, and 

oxygen gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to an antireflection film effective in especially 
ultraviolet radiation with a wavelength of 300 nm or less about the antireflection film with which 
the surfaces, such as various optical elements, are coated. 
[0002] 

[Description of the Prior ArtjThe antireflection film of five layers which used the fluoride film for 
the high refractive index film and low refractive index film which constitute a multilayer film, or 
the middle refractive index film as an antireflection film for the conventional ultraviolet radiation 
thru/or 7 lamination is known (refer to JP,61 -77001 A JP.7-244205.A, and JP,7-24421 7,A). 
These improve adding a middle refractive index film for the purpose, such as making an acid- 
resisting zone large, or optimizing the optical thickness of each class etc. 
[0003] 

[Problem(s) to be Solved by the Invention]However, in the antireflection film using the above- 
mentioned conventional fluoride film. Since the resistance to environment (high temperature, 
characteristic stability under high humidity environment) of the high refractive index films (NdF 3 , 

LaF 3 , etc.) which consist of fluorides was inferior compared with oxide films (aluminum 2 0 3 film 

etc.), there was a problem that aging of the acid-resisting characteristic was large. 
[0004]especially — a stepper's refracted type projection optical system — like — many — in 
the case of the optical system using several lenses, even if the acid-resisting characteristic of 
the 1 st page carries out a minute change by aging, by the whole projection system, it will be a 
big characteristics shift. 

[0005]In order to use it for such an optical system, development of an antireflection film with 
little aging which was further excellent in the resistance to environment is desired. 
[0006]this invention — the above — it is made in view of unsolved SUBJECT which a Prior art 
has, and has the acid-resisting characteristic which was excellent in broadband width in the 
wavelength area of ultraviolet radiation, and, moreover, environment-resistant ability aims at 
providing an antireflection film which is good and has little aging, and a manufacturing method for 
the same. 
[0007] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose an antireflection 
film of this invention, A substrate design central wavelength lambda 0 is an antireflection film of 

300 nm or less, and made from quartz or a fluorite, It has a multilayer film which consists of an 
aluminum 2 0 3 film and a fluoride film which were laminated by this board, and a Si0 2 film, said 

Si0 2 film of this multilayer film constitutes the furthest final stratum from said substrate side, 

and it is characterized by the optical thickness being about 1/10 of said design central 
wavelength lambda Q . 

[0008]As concrete film constitution, it is as follows. 

[0009]In an antireflection film of 5 lamination, count from the substrate side and the 1st layer 
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and the 3rd layer An aluminum 2 0 3 film, The 2nd layer and the 4th layer are good in an AIF 3 film 
and the 5th layer consisting of a Si0 2 film, and said 1st [ the ] thru/or optical thickness [ of said 
5th layer ] d 1( d 2 , d 3 , d 4 , and d 5 being the following ranges. 
[0010] 

0.40lambda 0 <=d 1 <=0.45lambda 0 0.36lambda 0 <=d 2 <=0.42lambda 0 OJ9lambda 0 <=d 3 <=0.24lamb 

— again, In the case of 6 lamination, count from the substrate side, and the 1 st layer, the 3rd 
layer, and the 5th layer An AIF 3 film, The 2nd layer and the 4th layer are good in an aluminum 2 0 3 

film and the 6th layer consisting of a Si0 2 film, and said 1st [ the ] thru/or optical thickness [ of 

said 6th layer ] d^ d 2 , d 3 , d 4 , d 5 , and d 6 being the following ranges. 

[0011] 

0.36lambda 0 <=d 1 <=0.41 lambda 0 0.37lambda 0 <=d 2 <=0.42lambda 0 0.32lambda 0 <=d 3 <=0.37lambda 0 0.1 8 
In 7 lamination, to a 0.1 1lambda 0 pan, count from the substrate side, and the 1st layer, the 3rd 
layer, and the 5th layer An aluminum 2 0 3 film, The 2nd layer, the 4th layer, and the 6th layer are 
good in an AIF 3 film and the 7th layer consisting of a Si0 2 film, and said 1st [ the ] thru/or 
optical thickness [ of said 7th layer ] dj, d 2 , d 3 , d 4 , d 5 , dg, and d ? being the following ranges. 
[0012] 

0.41 lambda Q <=d 1 <=0.46lambda 0 0.31 lambda 0 <=d 2 <=0.39lambda 0 0.44lambda 0 <=d 3 <=0.50lambda 0 0.09 

A 0.15lambda 0 0.09lambda 0 <=d 7 <=0.1 1lambda 0 method for film deposition is good to adopt a 

vacuum deposition method or sputtering process. 
[0013] 

[Function]Since a resistance to environment has the fault that it is low and aging is large, the 
a nti reflection film using a fluoride film raises the resistance to environment of an antireflection 
film by using the aluminum 2 0 3 film whose resistance to environment is better than a fluoride film 

as a high refractive index film. Although the optical property of an antireflection film is greatly 
stable by this, if a final stratum is a hygroscopic large AIF 3 film etc., aging will become large 

under humid environment. 

[0014]Then, the extremely stable antireflection film which also bears the environment of high 
humidity is realized by carrying out the overcoat of the Si0 2 film thinly as a layer which prevents 

humidity on the surface of a final stratum. If the optical thickness of a Si0 2 film is about 1/10 of 

design central wavelength lambda 0 , sufficient protecting effect can be expected without 

degrading the optical property as an antireflection film so much. 

[001 5] Although a vacuum deposition method or sputtering process may be sufficient as the 
method for film deposition of each class, since sputtering process can form a more precise film, 
it is much more suitable for improvement in a resistance to environment. 
[0016] 

[Embodiment of the Invention]An embodiment of the invention is described based on a drawing. 
[001 7] Drawing 1 shows the film constitution of antireflection film E 1 by a 1st embodiment, and 

this, Have the substrate 1 made from synthetic quartz, a fluorite, etc., and the multilayer film 10 
of 5 lamination laminated on it, and this multilayer film 10, The 1st layer 1 1 that is an 
aluminum 2 0 3 film which has optical thickness dj, it is an AIF 3 film (fluoride film) which has optical 

thickness d 2 — with 12 the 2nd layer. The 3rd layer 13 that is an aluminum 2 0 3 film which has 

optical thickness d 3 , the 4th layer is 14 and the Si0 2 film which has optical thickness d 5 which 

are AIF 3 films which have optical thickness d 4 — the 5th layer consists of 15 — the 1st — or 

optical thickness d 1 of 1 1 -15 - layer [ 5th ] d 5 are optimized so that it may mention later. 

[0018]Although any of a vacuum deposition method and sputtering process may be sufficient, 
since the film it is more precise to adopt sputtering process is obtained, the method for film 
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deposition of each class 11-15 has a good resistance to environment. 

[0019]The aluminum 2 0 3 film can manufacture the most precise film in much available high 

refractive index film materials in an ultra-violet wave length region. Therefore, the effective thing 
is found out, if an aluminum 2 0 3 film is used as a high refractive index film in order to raise the 

environment-resistant ability of an antireflection film, i.e., the stability with time of an optical 
property. 

[0020] However, in the antireflection film which consists of a mutual layer of an aluminum 2 0 3 film 
and an AIF 3 film, since the AIF 3 film of a final stratum has hygroscopicity, if used in a humid 
environment, a change with time will become large. 

[0021]Then, a point weak by humidity about carrying out the overcoat of the Si0 2 film to the 

final stratum of an antireflection film thinly as a layer which prevents humidity is compensated, 
and the resistance to environment of an antireflection film is improved substantially. By this, an 
acid-resisting zone is large and, moreover, an antireflection film with few changes with time can 
be realized. 

[0022]As optical thickness of the Si0 2 film which does not degrade the optical property as an 

antireflection film so much, and has a protecting effect experimentally, it has become clear that 
10 [ about 1-/] is suitable of design central wavelength lambda Q . 

[0023]Optical thickness dj of each class of the antireflection film of 5 lamination - d 5 are 

selected as follows. 
[0024] 

0.40lambda 0 <=d l <=0.45lambda 0 0.36lambda 0 <=d 2 <=0.42lambda 0 0.19lambda 0 <=d 3 <=0.24lambda 0 ^ 

drawing 2 The 2nd. The film constitution of antireflection film E 2 by the gestalt of ****** is 

shown, and this, Have the substrate 2 made from synthetic quartz, a fluorite, etc., and the 
multilayer film 20 of 6 lamination laminated on it, and this multilayer film 20, The 2nd layer 22 
that is 21 and the aluminum 2 0 3 film which has optical thickness d 2 which are AIF 3 films which 

have optical thickness d 1 the 1st layer, The 4th layer 24 that is 23 and the aluminum 2 0 3 film 

which has optical thickness d 4 which are AIF 3 films which have optical thickness d 3 the 3rd layer, 

the 5th layer is 25 and the Si0 2 film which has optical thickness d g which are AIF 3 films which 

have optical thickness d 5 — the 6th layer consists of 26 — the 1st — or optical thickness d^ of 

21-26 - d 6 of layer [ 6th ] are optimized as follows. 

[0025]Although any of a vacuum deposition method and sputtering process may be sufficient, 
since the film it is more precise to adopt sputtering process is obtained, the method for film 
deposition of each class 21-26 has a good resistance to environment. 
[0026] 

0.36lambda 0 <=d l <=0.41lambda 0 0.37lambda 0 <=d 2 <=0.42lambda 0 0.32lambda 0 <=d 3 <^ 

0.1 1lambda Q drawing 3 shows the film constitution of antireflection film E 3 by a 3rd embodiment, 

and this, Have the substrate 3 made from synthetic quartz, a fluorite, etc., and the multilayer film 
30 of 7 lamination laminated on it, and this multilayer film 30, The 1st layer 31 that is an 
aluminum 2 0 3 film which has optical thickness d r The 3rd layer 33 that is 32 and the 

aluminum 2 0 3 film which has optical thickness d 3 which are AIF 3 films which have optical 

thickness d 2 the 2nd layer, The 5th layer 35 that is 34 and the aluminum 2 0 3 film which has 

optical thickness d 5 which are AIF 3 films which have optical thickness d 4 the 4th layer, the 6th 

layer is 36 and the Si0 2 film which has optical thickness d ? which are AIF 3 films which have 

optical thickness d g — the 7th layer consists of 37 — the 1st — or optical thickness d 1 of 31- 

37 - d 7 of layer [ 7th ] are optimized as follows. 

[0027]Although any of a vacuum deposition method and sputtering process may be sufficient, 
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since the film it is more precise to adopt sputtering process is obtained, the method for film 

deposition of each class 31-37 has a good resistance to environment. 

[0028] 

0.41lambda 0 <=d 1 <=0.46lambda 0 0.31lambda 0 <=d 2 <=0.39lambda 0 0.44lambda 0 <=d 3 <=0^ 
0.1 5lambda 0 0.09lambda 0 <=d 7 <=0.1 1 lambda Q [0029] 

[Example](Example 1) The a nti reflection film of 5 lamination to design central wavelength 
lambda 0 =1 93nm ultraviolet radiation was manufactured on the substrate of synthetic quartz by 

the material and optical thickness which are shown in Table 1 using high refractive index film 
aluminum 2 0 3 , low refractive index film AIF 3 , and Si0 2 . The result of having measured the 

reflection property of the manufactured antireflection film is shown in drawing 4 . It was checked 
that the wavelength band width of 0.5% or less of reflectance is as wide as about 35 nm. 
[0030] 
[Table 1] 
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(Example 2) The antireflection film of 6 lamination to design central wavelength Iambda 0 =193nm 

ultraviolet radiation was manufactured on the substrate of a fluorite by the material and optical 
thickness which are shown in Table 2. The result of having measured the reflection property of 
the manufactured antireflection film is shown in drawing 5 . It was checked that film constitution 
with as wide wavelength band width of 0.5% or less of reflectance as 40 nm is possible also in a 
vacuum-ultraviolet wavelength band with a wavelength of 200 nm or less. 
[0031] 
[Table 2] 
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(Example 3) The antireflection film of 7 lamination to design central wavelength lambda 0 =193nm 

ultraviolet radiation is manufactured on the substrate of a fluorite by the material and optical 
thickness which are shown in Table 3, and the result of having measured the reflection property 
is shown in drawing 6 . It was checked that film constitution with as wide wavelength band width 
of 0.5% or less of reflectance as 47 nm is possible also in a vacuum-ultraviolet wavelength band 
with a wavelength of 200 nm or less. 
[0032] 
[Table 3] 
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(Example 4) High refractive index film aluminum 2 0 3 , low refractive index film AIF 3> and Si0 2 are 

used, The antireflection film of 5 lamination to design central wavelength lambda 0 =248nm 

ultraviolet radiation is manufactured on the substrate of synthetic quartz by the material and 
optical thickness which are shown in Table 4, and the result of having measured the reflection 
property is shown in drawing 7. It was checked that the wavelength band width of 0.5% or less of 
reflectance is as wide as about 50 nm. 
[0033] 
[Table 4] 















JS5J! 


S i O, 


0 . 1 A, 


SI4JB 


A 1 F, 


0. 1 1 4 1 5 Ao 


S&3* 


A 1 2 Oj 


0. 2 1 1 1 2 Ao 




A 1 F, 


0. 3 7 8 7 8 Ao 


mm 


Al, O, 


0. 4 2 5 5 3 Ao 


mmtm 







(Example 5) The antireflection film of 6 lamination to design central wavelength lambda 0 =248nm 

ultraviolet radiation is manufactured on the substrate of synthetic quartz by the material and 
optical thickness which are shown in Table 5, and the result of having measured the reflection 
property is shown in drawing 8 . It was checked that film constitution with as wide wavelength 
band width of 0.5% or less of reflectance as 60 nm is possible also in a with a wavelength of 200 
to 300 nm ultra-violet wave length region. 
[0034] 
[Table 5] 
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(Example 6) The antireflection film of 7 lamination to design central wavelength lambda 0 =248nm 

ultraviolet radiation is manufactured on the substrate of synthetic quartz by the material and 
optical thickness which are shown in Table 6, and the result of having measured the reflection 
property is shown in drawing 9 . It was checked that film constitution with as wide wavelength 
band width of 0.5% or less of reflectance as 60 nm is possible also in a with a wavelength of 200 
to 300 nm ultra-violet wave length region. 
[0035] 
[Table 6] 
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The antireflection film of Examples 1-6 was manufactured by the vacuum deposition method and 
sputtering process, respectively. 

[0036]The film formation condition by a vacuum deposition method is as follows. 
[0037]After exhausting a degree of vacuum below to 10" 4 pa, the aluminum 2 0 3 film and the Si0 2 
film carried out about 20 SCCM introduction of the oxygen gas, and vapor-deposited it with the 
electron gun, and the AIF 3 film was vapor-deposited by resistance heating by the high vacuum 

state. Not less than 200 ** of substrate temperature was heated. 
[0038]The film formation condition by sputtering process is as follows. 

[0039]Xe gas and NF 3 mixed gas were used for the AIF 3 film using the process gas with which 

oxygen gas is used as the main ingredients for an aluminum 2 0 3 film using 99.999% of aluminum 

target at the time of membrane formation at the time of membrane formation. 

[0040]It is possible also by fluorine system gas, such as other inactive gas, such as Ar and 

helium, and F 2 gas of inactive gas dilution, and CF 4 , at the time of AIF 3 film membrane formation. 

[0041] For example, only gas may be changed with an aluminum 2 0 3 target, an aluminum 2 0 3 film 

and an AIF 3 film may be formed, and a Si0 2 film may form membranes using a Si0 2 target. 

[0042](Comparative example 8) In order to make the antireflection film of Tables 1-6 into A 
group and to compare both resistance to environment by making into B group the antireflection 
film of the film constitution which does not have a Si0 2 film in a final stratum, it was neglected 

under the environment of 90% of 60 **-relative humidity for a long time, and comparison of 
appearance and adhesion was performed. 

[0043]Although the result neglected under the environment of 90% of 60 **-relative humidity for 
1000 hours did not have the significant difference in A group and B group, in 2000-hour neglect, 
that to which cloudy weather has generated the antireflection film of B group in appearance was 
seen. 
[0044] 

[Effect of the Invention]Since this invention is constituted as mentioned above, an effect which 
is indicated below is done so. 

[0045]It has the acid-resisting characteristic which was excellent in broadband width in the 
wavelength area of ultraviolet radiation, and, moreover, a resistance to environment can realize 
the antireflection film which is good and has little aging. By using such an antireflection film for 
lenses, such as a stepper's optical system, optical properties and endurance, such as said 
stepper, can be improved substantially. 



[Translation done.] 



http://www4.ipdl.inpit^ 10/15/2009 



JP,11-264903,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the film constitution of the a nti reflection film by a 1st 
embodiment. 

[Drawing 2] It is a figure showing the film constitution of the antireflection film by a 2nd 
embodiment. 

[Drawing 3] It is a figure showing the film constitution of the antireflection film by a 3rd 
embodiment. 
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[Description of Notations] 

I , 2, and 3 Substrate 

II, 13,22, 24,31,33, and 35 aluminum 2 0 3 film 
12, 14, 32, 34, a 36 AIF 3 film 

15, 26, a 37 Si0 2 film 
21, 23, and 25 AIF 3 film 
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